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(54) Title: ANATOMICALLY APPROXIMATE PROSTHETIC MITRAL HEART VALVE 




o 

1^ (57) Abstract: An anatomically approximate prosthetic heart valve (20) includes dissimilar flexible leaflets (22a, 22b, 22c). dis- 
O similar commissures (30a, 30b, 30c) and/or a non-circular flow orifice. The heart valve may be implanted in the mural position 
O and have one larger leaflet oriented along the anterior aspect so as to mimic the natural anterior leaflet Two other smaller leaflets 
^ extend around the posterior aspect of the valve. A basic structure providing peripheral support for the leaflets includes two taller 
^ commissaries on both sides of the larger leaflet, with a third, smaller commissar between the other two leaflets. The larger leaflet 
^ may be thicker and/or stronger than the other two leaflets. The base structure defines a flow orifice intended to simulate the shape 
of the mural annulus during the systolic phase. 
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ANATOMICALLY APPROXIMATE PROSTHETIC MITRAL HEART 

VALVE 

Cross Reference to a Related Patent Application 

[0001] The present application claims priority to U.S. Provisional Patent 
Application No.60/538,516, filed on January 23, 2004, the disclosure of which 
is incorporated by reference herein in its entirety. 

Field of the Invention 
[0002] The present invention relates generally to medical devices, and more 
particularly to a prosthetic mitral heart valve having an asymmetric periphery 
and unequal leaflets. 

Background of the Invention 
[0003] Two primary types of heart valve replacements or prostheses are known. 
One is a mechanical-type heart valve that uses a ball and cage arrangement or a 
pivoting mechanical closure supported by a base structure to provide 
xmidirectional blood flow, such as shown in U.S. Patent No. 4,306,3 19 to 
Raster. The other is a tissue-type or ''bioprosthetic*' valve having flexible 
leaflets supported by a base structure and projecting into the flow stream that 
function much like those of a natural human heart valve and imitate their natural 
action to coapt against each other and ensure one-way blood flow. 
[0004] In tissue-type valves, a whole xenograft valve (e.g., porcine) or a 
plurality of xenograft leaflets (e.g., bovine pericardium) typically provide fluid 
occluding surfaces. Synthetic leaflets have been proposed, and thus the term 
"flexible leaflet valve'* refers to both natural and artificial "tissue-type" valves. 
Two or more flexible leaflets are mounted within a peripheral support structure 
that usually includes posts or commissures extending in the outflow direction to 
mimic natural fibrous commissures in the native annulus. Components of the 
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valve are usually assembled with one or more biocompatible fabric (e.g.» 
Dacron) coverings, and a fabric-covered sewing ring is provided on the inflow 
end of the peripheral support structure. 

[OjOOS] In most bioprosthetic-type valves, metallic or polymeric structure 
provides base support for the flexible leaflets, which extend therefrom. One 
such support is an elastic "support frame," sometimes called a "wireform" or 
"stent," which has a plurality (typically three) of large radius cusps supporting 
the cusp region of the flexible leaflets (i.e., either a whole xenograft valve or 
three separate leafleits). The ends of each pair of adjacent cusps converge 
somewhat asymptotically to form upstanding commissures that terminate in 
tips, each extending in the opposite direction as the arcuate cusps and having a 
relatively smaller radius. The support frame typically describes a conical tube 
with the commissure tips at the small diameter end. This provides an 
undulating reference shape to which a fixed edge of each leaflet attaches (via 
components such as fabric and sutures) much like the natural fibrous skeleton in 
the aortic annulus. One example of the construction of a flexible leaflet valve is 
seen in U.S. Patent No. 5,928,281 to Huynh, et al. (Edwards Lifesciences, 
Corp., Irvine, CA), in which the exploded view of Fig. I illustrates a fabric- 
covered wireform 54 and a fabric-covered support stent 56 on either side of a 
leaflet subassembly 52. 

[0006] Many other flexible leaflet valve configurations are known, including 
U.S. Patent No. 6,086,612 to Jansen (Adiam Medizintechnik GmbH & Co. KG, 
Germany) which discloses a mitral valve prosthesis having a support housing 
with a large base ring (12) that bears two stays (18, 19) which substantially 
extend in the ring axis direction and are connected by curved walls for securing 
two flexible cusps (leaflets). The free ends of the stays form an inner support 
for the cusps. The base-ring has in the top view a closed, non-round shape with 
a common longitudinal axis (15) but two transverse half-axes (16, 17) of 
different sizes. The valve is symmetric about the combined transverse half- 
axes. The stays lie on the longitudinal axis and form the transition between the 
two halves of the valve. The less curved wall (13) carries a mural cusp having a 
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smaller surface and a higher angle of inclination relative to the base ring base 
surface than the leaflet connected to the more curved wall (14). The material 
for the cusps (leaflets) can be synthetic resin foils known from the state of the 
art, preferably thermoplastic elastomers or synthetic resins with elastomeric 
properties such as a flexible polyure thane foil. 

|0007] Another flexible leaflet valve configuration is disclosed in U.S. Patent 
No. 6,171,335 to Wheatley, et aL (Aortech Europe Limited, Great Britain). 
This valve includes a generally annular frame with three posts and three 
scallops. The frame is tri-symmetric with an axis of symmetry defined by the 
axis of blood flow through the valve. Each leaflet has a truncated spherical 
surface adjacent to its free edge that is joined tangentially to a truncated conical 
surface. The leaflet surface is axi-symmetrical with the axis of symmetry being 
perpendicular to the axis of the valve frame and blood flow. The leaflets can 
comprise any biostable, biocompatible thermoplastic elastomer including but 
not limited to any polyurethane or silicone elastomer or any copolymer or blend 
based on these elements. 

[0008] U.S. Patent No. 6,61 3,086 to Moe, et al. (CarboMedics Inc., Austin, TX) 
discloses a tri-leaflet prosthetic cardiac valve with leaflets having an analytic 
shape in a selected position. The leaflets are connected to a valve body at 
attachment curves. The shape of the leaflet is selected from a set of geometries 
that can be represented mathematically. The attachment curve is selected to 
improve the durability of the tri-leaflet valve by moving the point of maximum 
loaded stress along the attachment curve away from the commissures. An inner 
wall of the valve body is given a non-circular shape near the attachment curve, 
the shape of the inner wall corresponding to the attachment curve. 
[0009] Unfortunately, some proposed valves deteriorate quickly, and some 
inordinately restrict flow which undesirably reduces the amount of oxygen 
supplied to the body. The manufacturing process of tissue heart valves is very 
mature and complex from the quality control point of view, and only minimal 
improvements in valve durability have been achieved in recent years. 
Accordingly, despite much development work on heart valves in the past three 
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decades, there remains a need for a more durable valve that permits more blood 
to flow. 



Summary of the Invention 
[0010) The present invention provides a next-generation prosthetic heart valve 
having flexible leaflets that more closely approximates the actual shape of a 
natural mitral valve. The prosthetic heart valve desirably includes an 
asymmetric base periphery and three flexible leaflets. Because of the 
asymmetry, one of the leaflets is larger than the other two. Simultaneously, the 
two conmiissure posts of the base that flank the larger leaflet are taller than the 
other commissure posts. To help increase orifice valve area, the overall height 
profile of the valve has been reduced so that the valve may be implanted intra- 
atrially. Certain aspects of the present invention may be applicable to prosthetic 
heart valves indicated for implantation in other than the mitral position. 
[0011] In accordance with one embodiment of the invention, a prosthetic heart 
valve comprises a base structure having a non-circular central flow orifice 
oriented around a flow axis, and three flexible leaflets mounted on the base 
structure and projecting into the flow orifice. Preferably, the non-circular 
central orifice is elliptical in shape. If the valve is indicated for placement in a 
mitral annulus, then the non-circular central orifice may be in the shape of a 
mitral annulus in its systolic phase (often a "D" shape). 
[0012] The base structure may include a stent having three cusps on an inflow 
end and three commissures on an outflow end. The three flexible leaflets each 
include a cusp edge terminating in a pair of commissure edges, with a free edge 
extending between the commissure edges and opposite the cusp edge. Each 
leaflet attaches along its cusp and commissure edges to a cusp and two 
associated commissures of the stent. In one embodiment, the stent includes a 
wireform having cusps and commissures, and each leaflet commissure edge 
includes a tab that extends radially outward with respect to a wireform 
commissure and attaches on the outer side thereof The stent may further 
include a primary band having an outflow edge that mimics the alternating cusp 
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and commissure shape of the wireform and is located radially outward from the 
wireform. The leaflet tabs attach to the band outward from the wireform 
commissures. In addition, a secondary band surrounding the primary band may 
be provided to add rigidity to a common inflow edge thereof 
[0013] Desirably, at least one of the three flexible leaflets is configured 
differently than one of the others. For example, one of the three flexible leaflets 
may be substantially larger than the other two. If the prosthetic heart valve is 
oriented for placement within the mitral annulus, the larger leaflet is on an 
anterior side of the valve and the.two smaller leaflets are on a posterior side of 
the valve. In a preferred embodiment, the base structure includes a stent having 
three cusps on an inflow end and three commissures on an outflow end. The 
three flexible leaflets each include a cusp edge terminating in a pair of 
commissure edges, with a free edge extending between the commissure edges 
and opposite the cusp edge. Each leaflet attaches along its cusp and 
commissure edges to a cusp and two associated commissures of the stent, and 
the two commissures of the stent to which the larger leaflet attaches may have 
greater dimensions along the flow axis than the third commissure. 
[0014] In accordance with another aspect of the invention, a prosthetic heart 
valve is provided that has a base structure having a central flow orifice oriented 
around a flow axis. Three flexible leaflets mount on the base structure and 
project into the flow orifice, and at least one of the three flexible leaflets is 
configured substantially differently than at least one of the others. For example, 
one of the three flexible leaflets is substantially thicker than the other two. 
Alternatively, or in addition, one of the three flexible leaflets is substantially 
larger in occluding area than the other two. 

(00151 If the prosthetic heart valve is oriented for placement within the mitral 
annulus, the larger leaflet is on an anterior side and the two smaller leaflets are 
on a posterior side. If the prosthetic heart valve has the aforementioned base 
structure with a stent having commissures, then the two commissures of the 
stent to which the larger leaflet attaches have greater dimensions along the flow 
axis than the third commissure. The central orifice of the valve may be 
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elliptical and define a major axis and a minor axis. Preferably, the minor axis 
bisects the larger leaflet. In one embodiment, the central orifice is in the shape 
of a mitral annulus in its systolic phase, with a longer dimension and a shorter 
dimension in plan view. In the latter embodiment, an axis extending generally 
along the shorter dimension of the central orifice bisects the larger leaflet. 
[0016] In accordance with a still further aspect of the invention, a prosthetic 
heart valve has a plurality of flexible leaflets and a base structure on which the 
leaflets mount. The base structure has a central flow orifice oriented about a 
flow axis and includes a stent having a plurality of cusps on an inflow end and 
the same number of commissures on an outflow end. At least one of the 
commissures has a different axial dimension than at least one other commissure. 
The central orifice may be non-circular, for example elliptical. Or, the 
prosthetic heart valve may be configured for placement in a mitral annulus, 
wherein the non-circular central orifice is in the shape of a mitral annulus in its 
systolic phase. 

[0017] The flexible leaflets each may include a cusp edge terminating in a pair 
of commissure edges, with a free edge extending between the commissure edges 
and opposite the cusp edge. The stent desirably includes a wire form having 
cusps and commissures, wherein each leaflet attaches along its cusp and 
commissure edges to a cusp and two associated commissures of the stent. 
Preferably, at least one of the flexible leaflets is configured differently than one 
of the others. For example, one of the leaflets may be larger in occluding area 
than the other leaflets. In this embodiment, at least two of the commissures of 
the stent have greater dimensions along the flow axis than at least one other 
commissure, wherein the larger flexible leaflet attaches to the two larger stent 
commissures. If the prosthetic heart valve is oriented for placement within the 
mitral annulus and has three flexible leaflets, the larger leaflet is positioned on 
an anterior side and two smaller leaflets are positioned on a posterior side. 
Preferably, at least one of the commissures has an axial dimension that is less 
than about 85% of the axial dimension of at least one of the other commissure. 
[0018] The invention also contemplates a prosthetic heart valve having a lower 
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outflow profile, comprising a base structure and a plurality of flexible leaflets 
mounted thereon. The base structure has a central flow orifice oriented around a 
flow axis, and the mounted leaflets project into the flow orifice. The leaflets are 
mounted in the base structure so as to define a leaflet axial dimension fi-om their 
inflow ends to their outflow ends thereof The valve also includes a sewing ring 
mounted around the base structure at an attachment elevation. To provide the 
low profile, the distance between the attachment elevation and the outflow end 
of the leaflets relative to the leaflet axial dimension is less than about 75%. 
[0019] The present invention also provides a prosthetic mitral heart valve 
suitable for intra-atrial implant. The intra-atrial valve includes a base structure 
having a central flow orifice oriented around a flow axis, the base structure 
including a stent having a plurality of cusps on an inflow end and the same 
number of commissures on an outflow end. A plurality of flexible leaflets 
mount on the base structure and project into the flow orifice. A sewing ring 
mounts around the base structure such that none of the commissures of the base 
structure projects axially in the outflow direction fi*om the attachment line of the 
sewing ring far enough to contact and injure the interior of the left ventricle. 
Preferably, the sewing ring has a scalloped inflow profile. 



Brief Description of the Drawings 
[0020] Figs. 1 and 2 are perspective and elevational views, respectively, of an 
anatomically approximate prosthetic mitral heart valve of the present invention; 
[0021] Figs. 3 and 4 heart topic and bottom plane views, respectively, of the 
prosthetic mitral heart valve of Fig. 2; 

[0022] Figs. 5A-5C are perspective, plan, and elevational views, respectively, 

of a wireform or stent forming a part of a base structure of an exemplary 

prosthetic mitral heart valve of the present invention; 

[0023] Figs. 6A and 6B are perspective exploded and assembled views of a 

support band combination forming a part of the base structxire of an exemplary 

prosthetic mitral heart valve of the present invention; 

[0024] Figs. 7A-7C are cross-sectional views of the assembled support band 
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combination taken along the indicated section lines in Fig. 6B; 
[0025] Figs. 8A and 8B are perspective and top plan views, respectively, of an 
exemplary sewing ring sponge used in conjunction v^th the exemplary valve 
base structure to create a low-profile heart valve and therefore enable intra-atrial 
placement in the mitral position; 

[0026] Figs. 9A-9B are cross-sectional views of the assembled prosthetic mitral 
heart valve taken along the indicated section lines in Fig. 3; and 
[0027] Figs. IDA and lOB are plan views of two dissimilar flexible leaflets 
utilized in the prosthetic heart valve of the present invention. 

Description of the Preferred Embodiments 
[0028] The present invention pertains to prosthetic heart valves that simulate 
the natural human heart valve anatomy, in particular for the mitral valve. For 
instance, the shape of the flow orifice is non-circular so as to mimic the shape of 
the mitral annulus in the systolic phase. Also, in a preferred embodiment three 
leaflets are utilized with at least one being substantially different than the other 
two. The reader will see from the following description and appended drawings 
various features of the exemplary valves that are intended to mimic the natural 
mitral valve. However, because of the nature of prosthetic heart valves in terms 
of durability and implantation requirements, a prosthetic valve carmot precisely 
mirror a natural valve. Accordingly, the prosthetic mitral valve disclosed herein 
is termed "anatomically approximate" to indicate one or more modifications 
from conventional prosthetic valves that render it more like a natural valve. It 
should be noted that one or more of these features that render the valve 
"anatomically approximate" may be applicable to prosthetic valves for 
implantation in other than the mitral position, such as in the aortic position. As 
such, unless a feature is specifically applicable to the mitral position the 
invention should not be considered so limited. 
[0029] Several considerations drive the development of an anatomically 
approximate heart valve. For instance, in the mitral position the native anatomy 
comprises a relatively large anterior leaflet extending between the fibrous 
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trigones and a posterior leaflet commonly subdivided into three scalloped 
shapes. In the systolic phase, the mitral annulus generally assumes an oval or 
elliptical shape with a short or minor axis approximately bisecting the anterior 
leaflet, midway between the trigones. Conventional prosthetic heart valves 
have circular base structures creating a circular orifice, which may not be an 
optimum shape to facilitate active opening of the leaflets and maximum flow 
through the orifice. The present invention provides a valve with a base structure 
that mimics the shape of the mitral annulus in the systolic phase and facilitates 
active opening of the leaflets and better blood flow. In addition, the more 
naturally-shaped base structure in conjunction with leaflets that better simulate 
the native leaflets is believed to reduce stresses imposed on various components 
of the prosthetic valve because the structure more faithfully simulates the native 
anatomy. Less stress on the valve may lead to a more durable implant. These 
and other design considerations were factors in the development of the present 
invention. 

[0030] One of the features that makes the present prosthetic heart valve more 
anatomically approximate is that one flexible leaflet is larger than the other two. 
Because there are three leaflets, the larger leaflet spans a circumferential angle 
of more than 120°. Accordingly, the adjacent commissure posts of the base 
structxire are somewhat larger than prosthetic valves of the prior art. In the 
mitral position, the outflow end of the valve projects toward and into the left 
ventricle. To compensate for the larger commissure posts which might extend 
far enough to contact and injure the interior of the left ventricle, the present 
invention provides an innovative sewing ring in conjunction with the valve base 
structure such that the valve can be positioned farther into the left atrium. This 
implant position is termed "intra-atrial placement" because the valve is sewn to 
the atrial side of the mitral annulus, as opposed to within the annulus (intra- 
annular). Because of the mitral anatomy at this location, the sewing ring has a 
scalloped inflow profile which is different than previous annular mitral valve 
sewing rings. Though it is well-known to provide a scalloped or undulating 
sewing ring for prosthetic aortic valves, the present application is believed to be 
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the first to incorporate such structure into a mitral valve sewing ring. 
[0031] For definitional purposes, heart valves of the present invention are of the 
flexible leaflet type, as opposed to mechanical valves with rigid leaflets or balls 
for occluding members. The term "flexible leaflet" encompasses bioprosthetic 
leaflets such as bovine pericardium, leaflets in whole xenograft (e.g., porcine) 
valves, bioengineered materials, and synthetic leaflets. The flexible leaflets are 
mounted from a peripheral base structure so as to project inward into a flow 
orifice defined by the base structure. 

[0032] The term "base structure" broadly covers structures having wireform, 
stents, and the like. For example, the exemplary embodiment of the present 
invention includes an undulating cloth-covered wireform to which peripheral 
edges of three leaflets are sewn. The term "cloth" as used herein encompasses a 
variety of biocompatible fabrics, the most commonly used being polyester 
terepthalate. Additionally, a dual-band structure surrounds the wireform and 
provides additional support for the leaflets. Another similar base structure is 
disclosed in U.S. Patent No. 6,350,282 to Medtronic, Inc. of Minneapolis, MN. 
Another base structure disclosed in U.S. Patent No. 5,824,069 to Medtronic, 
Inc. has a "stent" as a base structxire that supports flexible leaflets. The stent 
defines an undulating outflow edge, similar to a wireform. It should also be 
noted that a "wireform" could be made firom a variety of materials, including 
biocompatible metals such as Elgiloy and polymers such as Delrin. Another 
"base structure" that can be modified to incorporate certain features of the 
present invention is shown in U.S. Patent No. 6,610,088 to Gabbay and includes 
a "stent" with an imdulating outflow edge that provides support for flexible 
leaflets. 

[0033] Finally, the term "base structure" encompasses conventional heart valve 
stents/wireforms designed to be delivered during open heart surgery, and also 
compressible/expandable base structures designed for minimally-invasive 
surgeries, such as shown in U.S. Patent No. 5,41 1,552 to Andersen, et al. The 
patent to Anderson, et al. also discloses a whole cardiac valve connected to the 
stent structure which is a variation covered by the term "flexible leaflets." 
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[0034] With reference now to Figs. 1-4, an exemplary prosthetic heart valve 20 
of the present invention is shown in various views. In general, the heart valve 
20 includes a plurality of flexible leaflets 22a, 22b, 22c supported by a 
peripheral base structure 24 and projecting inwardly therefrom toward a central 
flow axis 26. A suture or sewing ring 28 attaches around the outside of the base 
structure 24 and provides a platform through which attachment structure may be 
passed to hold the valve 20 in place within the body. Typically, heart valves are 
secured within the affected annulus using an array of sutures passed through the 
sewing ring 28, although staples, clips, and other such devices may alternatively 
be used. 

[0035] The heart valve 20 includes a plurality of commissures 30a, 30b, 30c, 
the latter being smaller in axial dimension, as seen in elevation in Fig. 2. The 
upper tips of the commissures 30a, 30b, 30c define an outflow end of the valve 
20 while the lower extremity of the sewing ring 28 defines an inflow end. As 
will be clear below, each of the leaflets 22a, 22b, 22c includes a peripheral cusp 
edge that attaches around the base structure 24 between two adjacent 
commissures 30, a pair of commissure edges on either end of the cusp edge that 
attach to the two commissures, and a free edge 32a, 32b, 32c (see Fig. 3) that 
extends across the flow orifice between the two commissures. As with many 
conventional flexible leaflets valves, the leaflets 22a, 22b, 22c project into the 
flow orifice toward the axis 26 and meet or "coapf* in a tri-foil configuration. 
The valve 20 is shown in the figures in its closed state with the leaflets 22a, 22b, 
22c coapting together along three lines radiating generally from the flow axis 
26. 

[0036) With reference to Fig. 2, the heart valve 20 has an axial height as 
indicated at Z| from the inflow end to the outflow end. As illustrated, the axial 
height Z| extends from the lowermost point of the sewing ring 28 to the tip of 
one of the two larger commissures 30a or 30b. In the exemplary heart valve 20, 
this axial height Z| is approximately equal to the axial dimension of the leaflets 
22, at least at the two larger commissures 30a, 30b. As will be explained in 
more detail below, the cusp edge of each of the leaflets mounts to the base 
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structure 24 along a line that is close to the lowermost extent of the sewing ring 
28, and extends upward into proximity with the tips of the commissures. 
Therefore, for purpose of definition in this valve embodiment, the valve axial 
height Zi will be deemed analogous to the leaflet axial dimension. 
|0037] The axial dimension Z2 shown in Fig. 2 indicates the distance between 
the uppermost surface 34 of the sewing ring 28 to the tip of one of the two 
larger commissures 30a or 30b. The uppermost surface 34 of the sewing ring 
28 can be defined as an attachment elevation for the heart valve 20. That is, the 
surgeon passes sutures or other devices through both the side surface 36 and the 
upper surface 34 of the sewing ring 28, essentially forming a loop around the 
outer periphery or apex 38, as indicated by the dashed line 40. Although there 
is no single plane of attachment of the sewing ring 28, the upper surface 34 will 
be termed the attachment elevation for purpose of reference. 
[0038] The heart valve 20 of the present invention has a relatively low-profile 
fi-om the sewing ring 28 to the outflow end. More precisely, the dimension Z2 
is smaller in proportion to the leaflet axial dimension Zi, in comparison with 
heart valves of the prior art. An alternative way to see this is that the taller 
commissures 30a, 30b project in the outflow direction a shorter distance fi-om 
the sewing ring 28 relative to the valve axial height Z| in comparison to other 
prosthetic heart valves, in particular prosthetic mitral valves. Preferably, the 
distance between the attachment elevation (sewing ring upper surface 34) and 
the outflow end of the leaflets, relative to the leaflet axial dimension, is less than 
about 75%. For the mitral position, this construction enables the heart valve 20 
to be implanted in the intra-atrial position. That is, the sewing ring 28 attaches 
to the tissue of the left atrium adjacent to the mitral annulus, rather than directly 
within the annulus. This low-profile commissure construction helps insure that 
the tall commissures 30a, 30b do not undesirably project too far into the left 
ventricle, possibly causing injurious contact with the inner ventricle wall. 
[0039] The reason that the commissures 30a, 30b are taller than those of 
conventional heart valves of the same type is that one of the leaflets 22 is 
configured substantially dififerentiy than at least one of the others. Namely, one 
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leaflet 22a is substantially larger in occluding area than the other two leaflets 
22b or 22c. This can best be seen in Figs. 3 and 4, which are plan views from 
the outflow and inflow ends, respectively. 

[0040] The base structure 24 defines a non-circular flow orifice within which 
the three leaflets are supported. In the orientation of Fig. 3, the horizontal 
dimension of the base structure 24 is greater than the vertical dimension, 
creating somewhat of an elliptical or oval shape. When utilized in the mitral 
position, the peripheral shape of the base structure 24 is desirably in the shape 
of the mitral annulus in its systolic phase, which is substantially elliptical or 
shaped. As an approximate rule of thumb, the ratio of the minor axis (vertical) 
dimension to the major axis (horizontal) dimension is approximately 3:4, 
although it is believed that a ratio of 5:4 may be more suitable for the exemplary 
prosthetic mitral valve 20. 

[0041] Still with reference to Fig. 3, when the heart valve 20 is to be used in the 
mitral position, the leaflets 22a, 22b, 22c are oriented to approximately mirror 
the native leaflet orientation and relative sizes. That is, that the first leaflet 22a 
extends between first and second commissures 30a, 30b that are spaced apart 
around the circumference of the valve 20 at the approximate location of the 
fibrous trigones of the mitral annulus. Therefore, the first leaflet 22a simulates 
the anterior leaflet of the mitral annulus, and the upper portion 48 of the valve 
20 as shown in Fig. 3 represents an anterior aspect thereof. Conversely, the 
lower portion (not numbered) of the valve 20 as shown in Fig. 3, between the 
first and second commissures 30a, 30b, represents a posterior aspect. Of course, 
the valve 20 must be implanted in this orientation to obtain the intended 
benefits. 

[0042] As indicated in Fig. 4, the angular distance A around the anterior aspect 
of the base structure 24 between the first and second commissures 30a, 30b is 
substantially greater than the angular distance P| from the first commissure 30a 
to the third commissure 30c, or the angular distance P2 from the second 
commissure 30b to the third commissure 30c. The sum of the angular distances 
Pi and P2 represents the posterior aspect of the valve 20. In a preferred 
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embodiment, the angular distance A is between about 34-40%, and more 
preferably approximately 35% (125®), of the total angular distance around the 
valve periphery. 

[0043] Because the first and second commissures 30a, 30b are spaced farther 
apart than any other pair of commissures, the first leaflet 22a is substantially 
larger than the second and third leaflets 22b, 22c. Indeed, because the angular 
span of the first leaflet 22a is greater than 120°, the heights of the first and 
second commissures 30a, 30b must be taller than the third commissure 30c (and 
taller than commissures of prior art valves) to ensure that the three leaflets meet 
at the same elevation in the middle of the flow orifice. Also, it should be noted 
that the first leaflet 22a is desirably symmetric about a plane bisecting the 
leaflet between the first and second commissures 30a, 30b, but the second and 
third leaflets 22b, 22c may not be likevsdse symmetric because they attach to 
commissures of unequal heights. The specific shape of the three leaflets will be 
described below with reference to Figs. lOA and lOB. 

[0044] In one exemplary embodiment of the invention, existing prosthetic heart 
valve leaflets may be used to construct the anatomically approximate heart 
valve 20. In general terms, heart valves are labeled by the diameter of their 
orifice, typically between 25 millimeters and 33 mm in odd increments (i.e., 25- 
27-29-31-33), which provides an adequate selection of sizes for most patients. 
For definitional purposes, a 29 mm heart valve 20 of the present invention has a 
nominal major axis dimension of 29 mm. The exemplary heart valve 20 may 
have a larger leaflet 22a that is otherwise conventional but sized for use in a 
larger heart valve of the prior art (i.e., circular), while the smaller leaflets 22b, 
22c may be indicated for use in a smaller heart valve of the prior art. For 
example, a 29 mm heart valve 20 of the present invention may utilize a single 
larger leaflet 22a that would otherwise be suitable for use in a conventional 33 
mm prosthetic valve, while the two smaller leaflets 22a, 22b are sized for use in 
a conventional 27 mm prosthetic valve. Another way to state this is that the 
larger (anterior) leaflet 22a is preferably two sizes above the nominal size of the 
valve (e.g., 33 mm leaflet for a 29 mm valve), while the smaller (posterior) 
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leaflets 22a, 22b are one size below (e.g., 27 mm leaflets for a 29 mm valve). 
[0045] Fig. 4 also illustrates an offset between the approximate flow axis 26 
(approximate because the leaflets are flexible and the .precise center of the flow 
axis may vary) and the geometric center 42 of the valve 20. The geometric 
center 42 lies at the intersection of a major axis 44 and a minor axis 46 of the 
generally elliptical valve 20. The offset stems from the uneven nature of the 
three coapting leaflets 22a, 22b, 22c. 

[0046] With reference again to Fig. 3, a preferred difference in the thickness of 
the leaflets is shown. The free edge 32a of the first leaflet 22a is illustrated 
slightly thicker than the free edges 32b, 32c of the second and third leaflets 22b, 
22c. Because of the larger area of the first leaflet 22a, it will be subjected to a 
greater overall force from the pressure of the blood flow when the valve closes 
(the systolic phase of the mitral valve). Therefore, at least for bioprosthetic 
tissue such as bovine pericardium, it is desirable that the larger leaflet 22a be 
made somewhat more robust than the other two leaflets to have a comparable 
usable life (i.e., durability). In one embodiment, the thickness of the larger 
leaflet 22a is between about 10-100% greater than the thickness of the other two 
leaflets. 

[0047] In accordance with an exemplary fabrication method, the leaflet 
selection methodology disclosed in U.S. Patent No. 6,245,105 (expressly 
incorporated herein) may be used to provide stronger tissue for the larger leaflet 
22a than for the other leaflets. The selection methodology utilizes one or more 
tests, for example a deflection test, to determine the relative elasticity or 
stiffness of each leaflet. Because of the non-uniform nature of certain 
bioprosthetic tissue, for example bovine pericardium, the same size leaflets cut 
from different portions of tissue may have different mechanical properties. In 
accordance with an exemplary fabrication method, relatively stronger (e.g., 
stiffer) leaflets are selected for use as the larger leaflet 22a, but relatively softer 
membrane-like leaflets are used as the smaller leaflets 22b, 22c. It should be 
noted that these characteristics can generally be predicted merely from 
measuring the thickness of the tissue, but the supplemental selection 
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methodology disclosed in U.S. Patent No. 6,245,105 is desirably used to further 
distinguish between leaflets of the same thickness. 

Wireform or stent 

[0048] Figs. 5A-5C illustra:te an exemplary wireform 50 that forms a part of the 
valve base structure 24. In a preferred embodiment, the wireform 50 comprises 
a wire-like metal alloy such as Elgiloy that may be formed a number of ways. 
A conventional forming method is to bend a straight wire into the three- 
dimensional shape and join the two free ends with a crimp 52 as seen in Fig. 
5A. Alternatively, a specially-shaped blank may be separated from a sheet or 
tube of material and then bent into shape using heat treating, for example. In 
the latter method, the wireform 50 starts out as a continuous closed blank, and 
therefore there is no need for the crimp 52, as in Figs. 5B and 5C. Furthermore, 
if the wireform 50 is made of a polymer it can be molded directly into the 
continuous closed shape shown. 

[0049] The wireform 50 comprises alternating commissures 54a, 54b, 54c on 
the outflow end and cusps 56a, 56b, 56c on the inflow end. The commissures 
54 (sometimes termed posts) comprise relatively narrow converging straight 
portions, terminating in arcuate tips with relatively small radii. The cusps 56, in 
contrast, are continuously curved and have relatively large radii. As seen in the 
plan view of Fig. 5B (and by the dashed line 57 connecting the cusp 56 
midpoints in Fig. 5A) the peripheral shape of the wireform 50 is generally 
elliptical with a major axis 58 and a minor axis 60. The relative orientation of 
the three commissures 54 is seen again in Fig. 5B, with the first and second 
commissures 54a, 54b being spaced apart an angular distance of greater than 
120°. The commissures 54 desirably angle slightly radially inwardly from the 
adjacent cusps 56 so that the wireform 50 defmes an approximately conical 
shape. 

[0050] In the exemplary construction of heart valve 20, the peripheral edges of 
the leaflets attach to the wireform 50, and therefore the wireform (sometimes 
termed the "stent") defmes the shape of the flow orifice and the three- 
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dimensional support structure for the leaflets. The contour of the wireform 50 
(or stent) thus defines the leaflet axial dimension. It is worth repeating here that 
the heart valve 20 preferably has a sewing ring attachment line that is closer to 
the outflow end of the valve relative to the leaflet axial dimension (stent height) 
as compared with valves of the prior art. As stated above, other valve 
constructions may not utilize a wireform, but the same principles apply with 
respect to the low-profile sewing ring, albeit relative to wherever the leaflets 
attach. 

[OOSl] The total axial height h] of the wireform 50 is indicated in Fig. 5C and 
extends from a plane in which lie the three cusps 56a, 56b, 56c to the tips of the 
equally sized first and second commissures 54a, 54b. The axial height h2 of the 
third commissure 54c is less than hi, preferably less than about 85% of h|. 
Because the three commissures 54 perform essentially the same function, that of 
resiliently supporting the commissure edges of two adjacent leaflets, they are 
similarly shaped if not equally sized. 

[0052] The commissure heights of the exemplary wireform 50 may be 
compared with the heights of the commissures of conventional valves to 
provide a level of context. For an exemplary heart valve 20 of the present 
invention labeled for use in a 29 mm annulus, the axial height h2 of the third 
commissure 54c is desirably about 3 mm less than the height of a commissure 
of a conventional 29 mm prosthetic heart valve. From the same valve, the axial 
height h I of the first and second commissures 54a, 54b is desirably about 1 mm 
less than the height of a commissure of a conventional 29 mm prosthetic heart 
valve. It should be noted that these relative dimensions are derived by 
comparing an exemplary 29 mm mitral heart valve 20 of the present invention 
with a 29 mm prosthetic mitral heart valve sold under the trade name 
Carpentier-Edwards PERIMOUNT Pericardial Bioprosthesis by Edwards 
Ltfesciences of Irvine, California. 

Support Bands 

[0053] Figs. 6A and 6B illustrate, respectively, exploded and assembled views 
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of a support band combination 70 that fonns a part of the valve base structure 
24. The support band combination includes a primary band 72 and a secondary 
band 74 surrounding the primary band. The primary band 72 defines a closed 
shape similar to the wireform 50 described above, and includes an outflow edge 
76 with alternating commissure sections 78a, 78b, 78c and cusp sections 80a, 
80b, 80c. The secondary band 74 also defines a closed shape similar to the 
primary band, and has an outflow edge 82 with commissure sections 84a, 84b, 
84c and cusps sections 86a, 86b, 86c. The outflow edge 76 of the primary band 
72 is shaped to closely follow the contours of the wireform 50. As such, the 
first and second commissure sections 78a, 78b are taller than the third 
commissure section 78c. Although the commissure sections 84 of the 
secondary band outflow edge 82 are truncated with respect to those of the 
primary band 72, the first and second sections 84a, 84b are taller than the third 
section 84c. These different heights are seen best in Figs. 7A and 7B. 
[0054] As seen by the assembled view of Fig. 6B, and the cross-sections of 
Figs. 7A-7C, the secondary band 74 closely surrounds and is coupled to the 
primary band 72. Although not numbered, the inflow edges of the two bands 
72, 74 coincide to form a single common inflow edge in the assembled 
combination. Fig. 6B illustrates in partial cut-away a cloth covering 90 
encompassing the combination. The cloth covering 90 is rolled into a cuff 92 
that extends outward from the two bands along the cusp sections 80, 86, and 
partially up the commissure sections 78, 84. The cuff 92 is seen in cross-section 
in Fig. 7C and provides a sewing rim facilitating assembly of the valve, as will 
be described below. The two bands 72, 74 include a number of radial holes 
through which coupling sutures (not shown) can be passed for joining the two 
bands together, and for securing the cloth covering to the combination. 
[005S] In a preferred embodiment, the primary band 72 is formed of a material 
that is relatively more flexible than the secondary band 74. As will become 
clearer below, the flexible leaflets of the valve attach to the uppermost portions 
of the commissures of the flexible primary band 72, which does not inhibit 
flexing of the valve commissures during the systolic, or valve closing, phase. 
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Conversely, the more rigid secondary band 74 provides stability to the basic 
structure around the inflow edge and cusps. For example, the primary band 72 
may be formed of a polymer such as Delrin while the secondary band 74 is form 
of a metallic alloy such as Elgiloy. 

Exemplary Low-Profile Sewing Ring 

[0056] As mentioned previously, the preferred use for the anatomically 
approximate prosthetic heart valve 20 is in the mitral annulus. Because of the 
large anterior leaflet and taller commissures, the valve 20 desirably seats farther 
into the left atrium than prior art mitral heart valves to help prevent contact of 
the commissures with the interior of the left ventricle. This implant position is 
termed intra-atrial because the sewing ring is positioned on the atrial side of the 
mitral annulus, rather than within the annulus. To accomplish this, the 
aforementioned sewing ring 28 is wider in the radial direction and attaches to 
the base structure 24 relatively closer to the outflow end of the valve in 
comparison with conventional valves. 

[0057] Figs. 8 A and 8B are two views of an exemplary sewing ring sponge 100 
that makes up the primary component of the sewing ring 28 shown in Fig. 1. 
That is, the sewing ring 28 comprises the sponge 100 with a cloth covering 102, 
seen in Figs. 9A-9C. It should be understood that though the sewing ring 
sponge 100 is desirably a molded silicone rubber element, other materials and 
fabrication techniques may be used to form a suture-permeable, contoured 
sewing ring. For purpose of orientation, the outflow direction of the valve is up 
in Fig. 8A. 

[0058] The sponge 100 comprises a plurality of walls of approximately equal 
thickness defining multiple opens cells therebetween. With reference to Fig. 
8B, the sponge 100 includes an outer wall 104, an intermediate wall 106 spaced 
inwardly from outer wall, and an inner wall 108 that defines the innermost 
surface of the sponge. The elliptical outflow rim 1 1 0 of the outer wall 1 04 
extends in a plane and defines the outermost extent of the sponge 100. The 
outer wall 104 includes a short axial segment on the outflow end, but curves 
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inward toward the inflow end and terminates in a scalloped inflow edge 112. 
The inflow edge 1 12 defines an undulating shape that generally mirrors the up 
and down contours of the wireform 50 of the valve. The intermediate wall 106 
is oriented substantially axially and in the elliptical shape of the outflow rim 
1 10. A plurality of generally radially oriented cell walls 1 14 extends between 
and joins the outer wall 104 and intermediate wall 106, creating a plurality of 
voids or cells 116. 

(0059J The inner wall 108 has an undulating configuration as seen best in Fig. 
8 A, with three elevated segments 120a, 120b, 120c located at the commissures 
of the valve and three gently downwardly curved segments 122a, 122b, 122c 
therebetween. A plurality of generally radially oriented cell walls 124 extends 
between and joins the intermediate wall 1 06 and inner wall 1 08 and defines a 
plurality of voids or cells 126. Just inward from the axial intermediate wall 106, 
the outflow edges of the downwardly curved segments 122 define three arcuate 
ledges or depressions on which are supported the three cusps of the base 
structure 24. 

[0060] With reference to Fig. 8B, the first and second elevated segments 120a, 
120b of the inner wall 108 correspond to the location of the first and second 
commissures 30a, 30b of the base structure 24, as seen in Fig. 1, The third 
elevated segment 120c corresponds to the location of the third commissure 36c. 
Fig. 8B illustrates the non-symmetric positioning of the three elevated segments 
120a, 120b, 120c corresponding to the same positions of the valve commissures. 
Likewise, the three downwardly curved segments 122a, 122b, 122c correspond 
to the location of the three wireform cusps 56a, 56b, 56c, seen in Fig. 5 A. The 
curvature of the outflow edges of the segments 122 matches the respective 
curvatures of the wireform cusps 56 such that the base structure 24 fits closely 
within the intermediate wall 106 of the sponge 100 and a portion thereof is 
supported by the ledges created by the undulating inner wall 108. This 
beneficial construction is shown in Fig. 9B, and described below. 
[0061] It is the depth of the three downwardly curved segments 122a, 122b, 
122c from the outflow rim 1 10 that provides the "low-profile" characteristic of 
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present valve 20. That is, the cusps of the base structure 24 seat within the 
sewing ring 28 farther from the outflow rim 110 than in previous valves. 
Desirably, the axial depth of the midpoint of the segments 122 from the outflow 
rim 1 10 is greater than about 80% of the overall axial dimension of the sponge 
100. At the same time, the scalloped inflow edge 1 12 provides a contour that 
matches the typical anatomical contour of the left atrium adjacent to the mitral 
annulus. Because the sewing ring 28 attaches farther into the left atrium, this 
contour reduces interference with the natural movement of the atrium. Stated 
another way, the contour of the inflow edge 1 12 is designed to follow the 
imdulating fibrous "skeleton" of the mitral annulus on the atrial side. 

Valve construction 

[0062] Now with reference to Figs. 9A-9C certain details with regard to 
assembly of the various aforementioned components will be explained. Figs. 
9A-9C are taken along the section lines indicated in Fig. 3 at the locations of, 
respectively, the smaller valve commissure, a midpoint of a valve cusp, and a 
larger valve commissure. The three cross-sections are shown across the page, 
with the two commissure views at their relative axial elevations because the 
outflow rim 1 10 of the sewing ring sponge 100 remains planar around the 
periphery of the valve. 

[0063] Fig. 9A shows the smaller valve commissure with the section line 
passing through a solid radial wall portion of the sewing ring sponge 100. The 
cloth covering 102 around the sponge 100 is seen here. The base structure 24 
sits within the sewing ring 28 at the commissures. More particularly, the base 
structure at the small valve commissure 30c includes the smaller commissure 
sections of the primary band 72 and secondary band 74 positioned slightly 
radially outwardly from the smaller commissure 54c of the wireform 50. The 
cloth-covered support band combination 70 is sized to fit closely within the 
cloth-covered inner wall 108 of the sewing ring 28. 
[0064] As seen at the top of Fig. 9 A, the wireform is enclosed within a cloth 
covering 1 30 having two free ends that are joined together to form a cloth 
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flange 132. Although not shown, the cloth covering 130 and flange 132 extend 
the entire way around the wireform 50 and provide a platform through which 
sutures may be passed to connect the wireform to the other components of the 
valve. More particularly, sutures connect the flange 132 to the flexible leaflets 
22 (one of which, 22c, is visible) and to the cloth-covered primary support band 
72. It should be noted at this point that the various sutures used to assemble 
components of the valve are not shown in the drawings for clarity. 
[0065] The flexible leaflets 22 (shown in plan view in Figs. IDA and lOB) each 
include a pair of tabs 140 on either side of the free edge 32. Desirably, the tabs 
extend outward between the converging segments of the wireform commissures 
54 and wrap around the respective commissure section 78c of the primary band 
72. The tabs are attached with sutures on the outside of the primary band 72 
and a further cloth patch 142 may be added to encompass the commissure 
structure. Connecting the leaflet tabs 140 to the base structure 24 in this manner 
greatly reduces stresses imposed on the attachment sutures. Because systolic 
forces on the leaflets are greatest at the commissure tips, it follows that forces 
on the attachment sutures may also be concentrated at this location. By 
attaching the tabs 140 on the outside of the primary band 72, the stresses are 
diffused through the support band and also by the wireform commissure 54. 
This construction is shown and described in U.S. Patent No. 5,928,281 to 
Huynh, et al., the disclosure of which is hereby expressly incorporated by 
reference. 

[0066] Fig. 9B is a section through a valve cusp, and illustrates the various 
walls of the sewing ring sponge 100. Namely, the outer wall 104 has an arcuate 
shape that extends substantially below its location at the commissure (Fig. 9A), 
the vertical intermediate wall 106 is dimensioned to receive the valve base 
structure. 24, and the inner wall 108 at its lowest point defines a ledge on which 
a portion of the base structure seats. The base structure 24 at the cusps include 
the cusp sections of the support band combination 70, a wireform cusp 56c, and 
the associated cloth coverings. Again, the cloth-covered support band 
combination 70 fits closely within the cloth-covered inner wall 108 of the 
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sewing ring 28. 

|0067] Particular attention is directed to the cloth flange 132 extending 
outwardly from the wireform which, along with the sewing rim or cuff 92 of the 
support band combination 70 sandwiches a cusp edge 33c of the leaflet 22c. A 
line of attachment sutures (not shown) extends around the valve cusps in this 
manner to provide a continuous, undulating support of the leaflets by the base 
structure 24. Preferably, the wireform/leaflets/support band subassembly is 
formed prior to joining with the sewing ring 28. Again, the various attachment 
sutures are not shown for clarity. 

(0068] Finally, Fig. 9C is a section through the taller valve commissure, and 
again shows the sewing ring 28 having the same configuration as at the smaller 
commissure in Fig. 9A. The taller commissure 30b of the base structure 
includes the taller commissure sections of the primary band 72 and secondary 
band 74 positioned slightly radially outwardly from one of the taller 
commissures 54b of the wireform 50. A portion of the larger leaflet 22a is seen, 
which also attaches to the base structure in the same manner as described above 
with respect to the smaller commissure. 

Leaflet Configurations 

[0069]..Fig. 1 OA is a plan view of the larger leaflet 22a showing the 
aforementioned free edge 32a terminating on the both sides with tabs 140. The 
arcuate lower cusp edge 33a extends between the tabs 140 opposite the free 
edge 32a. Because the leaflet 22a is supported at adjacent identical 
commissures, it is symmetric about a mid-plane passing through the flow axis 
26. On the other hand, Fig. lOB shows one of the smaller leaflets 22b which 
may not be symmetric about the flow axis 26. More area of the smaller leaflets 
22b may extend from the flow axis 26 to the larger commissure than to the 
smaller commissure to which it attaches. Of course, as indicated above, 
conventional leaflets having different sizes may be utilized which, in plan view, 
are generally symmetric about a vertical plane through their cusps, but which 
fold inward within the valve so as to lie slightly asymmetrically because of the 
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shape of the exemplary valve and location of the resulting flow axis. 
[00701 appreciated that the invention has been described hereabove 

with reference to certain examples or preferred embodiments as shown in the 
drawings. Various additions, deletions, changes and alterations may be made to 
the above-described embodiments and examples, and it is intended that all such 
additions, deletions, changes and alterations be included within the scope of the 
following claims. 
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WHAT IS CLAIMED IS : 

1 . A prosthetic heart valve comprising: 

a base structure having a non-circular central flow orifice 
oriented around a flow axis; and 

three flexible leaflets mounted on the base structure and 
projecting into the flow orifice. 

2. The heart valve of claim 1 , wherein the non-circular central 
orifice is elliptical. 

3. The heart valve of claim 1, wherein the prosthetic heart valve is 
configured for placement in a mitral annulus, and the non-circular central orifice 
is in the shape of a mitral annulus in its systolic phase. 

4. The heart valve of claim 1 , wherein the base structure includes a 
stent having three cusps on an inflow end and three commissures on an outflow 
end, the three flexible leaflets each including a cusp edge terminating in a pair 
of commissure edges, with a free edge extending between the commissure edges 
and opposite the cusp edge, and wherein each leaflet attaches along its cusp and 
commissure edges to a cusp and two associated commissures of the stent. 

5. The heart valve of claim 4, wherein the stent includes a wireform 
having cusps and commissures, and wherein each leaflet commissure edge 
includes a tab that extends radially outward with respect to a wireform 
commissure and attaches on the outer side thereof. 

6. The heart valve of claim 5, wherein the stent further includes a 
primary band having an outflow edge that mimics the alternating cusp and 
commissure shape of the vsdreform and is located radially outward fi-om the 
wireform, wherein the leaflet tabs attach to the band outward from the wireform 
commissures. 
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7. The heart valve of claim 6, further including a secondary band 
surrounding the primary band and providing rigidity to an inflow edge thereof. 

8. The heart valve of claim 1 , wherein at least one of the three 
flexible leaflets is configured differently than one of the others. 

9. The heart valve of claim 8, wherein one of the three flexible 
leaflets is substantially larger than the other two. 

1 0. The heart valve of claim 9, wherein the prosthetic heart valve is 
oriented for placement within the mitral annulus such that the larger leaflet is on 
an anterior side and the two smaller leaflets are on a posterior side. 

1 1 . The heart valve of claim 9, wherein the base structure includes a 
stent having three cusps on an inflow end and three commissures on an outflow 
end, the three flexible leaflets each including a cusp edge terminating in a pair 
of commissure edges, with a free edge extending between the commissure edges 
and opposite the cusp edge, and wherein each leaflet attaches along its cusp and 
commissure edges to a cusp and two associated conunissures of the stent, and 
wherein the two commissures of the stent to which the larger leaflet attaches 
have greater dimensions along the flow axis than the third commissure. 

1 2. A prosthetic heart valve, comprising: 

a base structure having a central flow orifice oriented around a 
flow axis; and 

three flexible leaflets mounted on the base structure and 
projecting into the flow orifice, wherein at least one of the three flexible 
leaflets is configured substantially differently than at least one of the 
others. 
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1 3. The heart valve of claim 1 2, wherein one of the three flexible 
leaflets is substantially thicker than the other two. 

14. The heart valve of claim 12, wherein one of the three flexible 
leaflets is a larger leaflet that is substantially larger in occluding area than the 
other two. 

15. The heart valve of claim 14, wherein the prosthetic heart valve is 
oriented for placement within the mitral annulus such that the larger leaflet is on 
an anterior side and the two smaller leaflets are on a posterior side. 

16. The heart valve of claim 1 5, wherein the base structure includes 
a stent having three cusps on an inflow end and three commissures on an 
outflow end, the three flexible leaflets each including a cusp edge terminating in 
a pair of commissure edges, with a free edge extending between the commissure 
edges and opposite the cusp edge, and wherein each leaflet attaches along its 
cusp and commissure edges to a cusp and two associated commissiu-es of the 
stent, and wherein the two commissures of the stent to which the larger leaflet 
attaches have greater dimensions along the flow axis than the third commissure. 

1 7. The heart valve of claim 1 5, wherein the central orifice is 
elliptical having a major axis and a minor axis. 

1 8. The heart valve of claim 1 8, wherein the minor axis bisects the 
larger leaflet. 

1 9. The heart valve of claim 1 5, wherein the central orifice is in the 
shape of a mitral annulus in its systolic phase, with a longer dimension and a 
shorter dimension in plan view. 

20. The heart valve of claim 19, wherein an axis extending generally 
along the shorter dimension of the central orifice in plan view bisects the larger 
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leaflet. 

21. A prosthetic heart valve, comprising: 
a plurality of flexible leaflets; and 

a base structure on which the flexible leaflets mount having a 
central flow orifice oriented around a flow axis and including a stent 
having a plurality of cusps on an inflow end and the same number of 
commissures on an outflow end, wherein at least one of the commissures 
has a different axial dimension than at least one other commissure. 

22. The heart valve of claim 2 1 , wherein the central orifice is non- 
circular. 

23. The heart valve of claim 22, wherein the non-circular central 
orifice is elliptical. 

24. The heart valve of claim 22, wherein the prosthetic heart valve is 
configured for placement in a mitral annulus, and the non*circular central orifice 
is substantially in the shape of a mitral annulus in its systolic phase. 

25. The heart valve of claim 21 , wherein the flexible leaflets each 
include a cusp edge terminating in a pair of commissure edges, with a fi-ee edge 
extending between the commissure edges and opposite the cusp edge, and 
wherein each leaflet attaches along its cusp and commissure edges to a cusp and 
two associated commissures of the stent. 

26. The heart valve of claim 25, wherein the stent includes a 
wireform having cusps and commissures, and wherein each leaflet commissure 
edge includes a tab that extends radially outward with respect to a wireform 
commissure and attaches on the outer side thereof. 



2005/072654 PCTAJS2005/001841 

-29- 

27. The heart valve of claim 26, wherein the stent further includes a 
primary band having an outflow edge that mimics the alternating cusp and 
commissure shape of the wireform and is located radially outward from the 
wireform, wherein the leaflet tabs attach to the band outward from the wireform 
commissures. 

28. The heart valve of claim 27, further including a secondary band 
surrounding the primary band and providing rigidity to an inflow edge thereof 

29. The heart valve of claim 21, wherein at least one of the flexible 
leaflets is configured differently than one of the others. 

30. The heart valve of claim 29, wherein the flexible leaflet that is 
configured differently is substantially larger in occluding area than the other 
flexible leaflets 

3 1 . The heart valve of claim 30, wherein at least two of the 
commissures of the stent have greater dimensions along the flow axis than at 
least one other conunissure, and wherein the larger flexible leaflet attaches to 
the two larger stent commissures. 

32. The heart valve of claim 31, wherein the prosthetic heart valve is 
oriented for placement within the mitral annulus and has three flexible leaflets, 
the larger leaflet being positioned on an anterior side and two smaller leaflets 
being positioned on a posterior side. 

33. The heart valve of claim 21, wherein at least one of the 
commissures has an axial dimension that is less than about 85% of an axial 
dimension of at least one of the other commissures. 



wo 2005/072654 PCTAJS2005/001841 

-30- 

34. A prosthetic heart valve having a low outflow profile, 
comprising: 

a base structure having a central flow orifice oriented around a 
flow axis; 

a plurality of flexible leaflets mounted on the base structure and 
projecting into the flow orifice, the flexible leaflets being mounted in the 
base structure so as to deflne a leaflet axial dimension from the inflow 
end to the outflow end thereof; and 

a sewing ring mounted around, the base structure at an attachment 
elevation, wherein the distance between the attachment elevation and the 
outflow end of the leaflets relative to the leaflet axial dimension is less 
than about 75%. 

35. The heart valve of claim 34, wherein the sewing ring has a 
scalloped inflow profile. 
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